Growth factor-stimulated protein phosphorylation in 3T3-L1 cells. Evidence for protein kinase C-dependent and -independent pathways.
Exposure of serum-deprived 3T3-L1 fibroblasts to phorbol 12-myristate 13-acetate (PMA), synthetic diacylglycerols, platelet-derived growth factor (PDGF), or pituitary fibroblast growth factor (FGF) resulted in stimulated phosphorylation of an acidic, multicomponent, soluble protein of Mr 80,000. Phosphorylation of this protein was promoted to a lesser extent by epidermal growth factor; however, neither insulin nor dibutyryl cAMP was effective. Phosphoamino acid analysis and peptide mapping of the Mr 80,000 32P-protein after exposure of fibroblasts to PDGF revealed identical patterns to those obtained with PMA or diacylglycerols. In contrast to the Mr 80,000 protein, proteins of Mr 22,000 (and pI 4.4) and Mr 31,000 were also phosphorylated in response to insulin as well as to PMA, diacylglycerols, epidermal growth factor, PDGF, and FGF in these cells. Similar findings were noted in fully differentiated 3T3-L1 adipocytes. Preincubation of the cells with high concentrations of active phorbol esters abolished specific [3H]phorbol 12,13-dibutyrate binding, protein kinase C activity, and immunoreactivity and also prevented stimulated phosphorylation of the Mr 80,000 protein by PMA, diacylglycerols, PDGF, or FGF, supporting the contention that this effect was mediated through protein kinase C. The stimulated phosphorylation of the Mr 22,000 and 31,000 proteins in response to PMA was also abolished by such pretreatment. In contrast, the ability of insulin, PDGF, and FGF to promote phosphorylation of the Mr 22,000 and 31,000 proteins was unaffected in the protein kinase C-deficient cells. We conclude that PDGF and FGF may exert some of their effects on these cells through at least two distinct pathways of protein phosphorylation, phorbol ester-like (P) activation of protein kinase C, and an insulin-like (I) pathway exemplified by phosphorylation of the Mr 22,000 and 31,000 proteins.